THE importance of this subject is realized by all of us, probably for two reasons: First, because fractures of the forearm are very frequent, and secondly, because a " bad result " from any fracture makes us feel that we did not direct the treatment correctly. In order to appreciate success of any treatment it is necessary to realize the condition before treatment, and to see the result, not only at the end of the treatment, but also some months and years afterwards. It would be a simple matter to exhibit X-ray photographs of fractures and of the united bones, but this is only one side of the treatment of fractures. Photographs of the movements a patient can make after a fracture appear to me to be somewhat deceptive-a view one adhered to more strongly after a previous discussion here. I should like to show you many patients who had broken a forearm a year or so ago, but this, unfortunately, is impossible. Hence it is difficult to do more than state the principles employed in the treatment of fractures of the radius and ulna. Fortunately it has been possible to examine a number of forearms which had been treated in 1924 and since, but in most cases the patient was examined last when treatment was stopped, or a month or so later. If results are stated as "perfect" or movements slightly impaired" such results are judged in most cases by my colleague in charge of the massage and electrical department.
Before dealing with individual fractures it is my intention to lay stress on what are called general principles, for these must form the basis of the treatment. The first consists in the correction of displacement of the fracture. The second in the fixation of the fragments for a sufficient length of time to prevent the risk of displacement. It appears, however, that those who treat fractures are not entirely in agreement concerning these general principles.
In dealing with the forearm the particular objects of treatment are: (1) To prevent permanent deformity; (2) to preserve the movements of supination and pronation. stood. Finger movement is encouraged from the commencemenit of treatment after fixation of the fracture, but wrist movement in a fracture an inch or two above the joint is likely to cause movement at the site of fracture. Possibly, in the hands of a skilful surgeon or masseur, measures can be adopted to prevent any movement occurring at the site of the fracture, while the wrist is moved, but it is obviously unsafe to recommend a line of treatment that can only be ideal in the hands of a few.
The relation of the anatomical and functional result is invariably discussed when dealing with forearm fractures. In view of the line of treatment adopted in these cases it is unnecessary to do more than state the fact that-especially in forearm fractures even if a good functional result occurs, when the anatomical alignment is poor, this is obtained only after a long disability time. Children certainly have marvellous powers of compensation, so that deformities of the radius and ulna may be eradicated to a large extent as the limb grows. The correct anatomical alignment is of importance in the forearm because: (1) a slight variation in position of the bones is sufflcient to impair considerably, or prevent completely, movements of the radius on the ulna: (2) narrowing of the interosseous space may be followed by cross union.
In dealing with each fracture of the forearm one does not prescribe treatment until the case is seen with the X-ray plhotograph.
Briefly, we have to consider: (1) Site of fracture, amount of swelling, presence of complication such as vascular or nerve injury. (2) X-ray appearances whether the bones are in good position, malposition, &c. (3) Method of correction. (4) Further X-ray appearances if there is malposition. (5) Line of treatment required if still in malposition. (6) Method of fixation. (7) Treatment by the masseur--massage and movements, &c.
GENERAL CONSIDERATIONS OF TREATMENT.
Fractures of the head and neck of the radius will be discussed subsequently, for their treatment raises problems of a different nature from those of fractures of the radius and ulna elsewhere. Before dealing with particular fractures the general line of treatment can be considered aptly, if the fractures are divided into three groups (I) Fractures of one or both bones with n1o displacement. (II) Fractures of a single bone with displacement. (III) Fractures of both bones with displacement.
(I) Fractur7es wtitht no Displacement or Anyulation.
No correction is required, the forearm is splinted in full supination, witlh the elbow flexed to a right angle, by the method which will be described subsequently.
Finger movement is encouraged immediately after fixation, and wrist and elbow movement, under a masseur's supervision, after a fortnight. Massage, at first with the arm on the posterior splint, is employed after a few days in adults, but is not used as a routine ini children.
It is universally agreed that these fractures should be followed by a perfect arm, but three points are worthy of consideration: (a) The avoidance of over-treatment. (b) The prevention of circulatory disturbances. (c) The prevention of joint stiffness.
Tight fixation may be followed by circulatory disturbance and prolonged fixation by joint stiffness. Excessive zeal in the prevention of joint stiffness may cause frequent movement between the fragments, and delay in union.
(II) Fractu,re of a Single Bone with Displacement. When one bone remains intact, it undoubtedly exerts a splinting action which in many cases is of assistance in the treatment. Conservative treatment can be employed in a number of cases, particularly in children, but operative treatment is required in others, especially in the case of the radius. These cases will best be considered when fractures of the radius and ulna are discussed separately. III) Fractures of Both Bonzes with Displacement. These fractures produce far greater difficulties than those hitherto discussed. The difficulties arise because:
(a) There are four fragments, which require re-alignment; (b) There may be much tissue between the fragments;
(c) Deformity may be in four directions: (i) antero-posterior, (ii) lateral, (iii) rotatory, (iv) overlap.
(d) Traction, as a means of correction, is not followed by great success such as one anticipates in many fractures of the femur. The deformity must be reduced and there are three methods available:-(1) Closed reduction under anaesthesia. If after a fair trial this is not successful, (2) Open reduction is required.
These two methods will be fully discussed after brief consideration of:
(3) Traction. This cannot be depended upon for the correction of forearm fractures. It is suitable in cases in which operation is contra-indicated and in which closed reduction has been tried and failed. It is employed as a routine in extensive compound fractures.
(1) Closed reduction. (a) Ether ancesthesia is preferable to that under nitrous oxide and oxygen, as perfect relaxation of the muscles is assured and this relaxation will remain over a longer recovery time-an advantage to the patient as well as to the surgeon.
(b) The reduction should be undertaken as early as possible after the fracture, so that there has not been time for the muscles to contract. Hence, in hospital practice the casualty officer has a greater chance of reducing these fractures than the visiting surgeon, who sees the case a day or so later, when there may be considerable swelling, as well as muscular contraction. Counter-traction is applied by an assistant, who holds the elbow flexed and pulls on the upper part of the forearm. The surgeon grasps the wrist and applies traction with one hand, manipulating the fragments with his other hand. Gentleness should be employed, for brute force will cause further injury to the soft parts and is not likely to assist in bringing the bones into alignment.
(c) Fixation is required after reduction. The limb is kept flexed at the elbow and the forearm fully supinated. Full supination is employed because:
(i) Rotatory displacement of the radius is prevented.
(ii) The radial convexity is preserved.
(iii) The radius and ulna are well separated, which helps to prevent synostosis between the two bones.
(iv) It is the optimum position of recovery of function. This is the case, because in almost all movements of the hand, the motion is from supination to pronation. Hence " use " of the hand will subsequently bring recovery of pronation, but not necessarily of supination. Two methods of fixation are used; either (a) a posterior right-angled wooden splint with a short wooden splint for the flexor surface of the forearm, or (b) plaster.
(a) I have no experience of fixation with the elbow extended, except when applying traction, and I deprecate the use of the anterior angular splint, because it may cause pressure on the front of the elbow, and early treatment of the forearm necessitates the removal of this-the principal splint. The padded posterior angular splint extends nearly to the axilla above, and below to beyond the knuckles. The anterior splint extends from an inch below the bend of the elbow to the bend of the wrist. The splints are well padded and the posterior splint is applied first after the limb is powdered. The forearm is held between the two, while two straps and buckles, or two pieces of inch adhesive strapping are applied round the splints below the elbow and above the wrist. A bandage is then applied and the splints and arm placed in a large arm sling. It is important that the anterior splint should not press into the elbow and compress the brachial artery, and that it should not press into the base of the thumb. A pressure-sore in the latter situation is not at all uncommon after too tight application of splints. Should the correction be almost perfect, but slight angulation persist, pads of felt may be placed over the angulation to aid correction.
(b) Plaster is used in a number of cases. Its advantages appear to be: (i) it assures firm fixation; (ii) it does not cause flattening of the flexor surface of the forearm. Its disadvantages are : (i) the danger of pressure on the vessels, especially when swelling of the limb occurs subsequent to the application of the plaster; (ii) it is not always easy to prevent recurrence of the deformity during the application of the plaster. It is used: (1) when wooden splints do not prevent recurrence of the deformity after reduction; (2) after a second closed reduction-that is, when the first has failed ; (3) in cases in which operation is contra-indicated and correction of the deformity is not obtained; (4) in the case of a number of children, whose splints are not attended to by the parents; (5) after operation, which will be mentionied later.
The limb is powdered, covered with flannel bandage and plenty of wool and the plaster applied from just below the axilla to the knuckles. The elbow is put at a right angle, the forearm fully supinated and the wrist dorsiflexed. It is my custom to make a cut along each side of the plaster as soon as it has set. This cut being through nearly the whole thickness of the plaster makes it easier to bivalve the plaster at the end of a fortnight, or to remove it, should some tragic complication be feared.
(d) After the fixation the forearm is X-rayed, and if the position is unsatisfactory the question of operative treatment is considered. Before considering this, reference will be made to the dangers that may occur. Ischemic Paralysis.-Possibly an apology is necessary for mentioning this, but the serious aspect of circulatory interference caused by improper fixation should be kept prominently before each one of us. Hence, in order to prevent ischaemic paralysis, care must be taken that in the neighbourhood of the elbow no pressure is exerted on the brachial artery. After application of plaster or splints, the finger nails should be inspected to make sure that the circulation is satisfactory. The patient should be told to see the surgeon within twenty-four hours of the first fixation, or earlier, if the fingers cannot be moved, or if the hand has become swollen or blue.
(2) Open Reduction or Operative Treatmentt. This is indicated when the attempt at closed reduction under an anasthetic has failed to correct the deformity and hold it corrected in splints. Sometimes a second attempt at closed reduction is made, usually when the first has been made by one who is somewhat inexperienced. An X-ray picture, showing the anteroposterior and lateral view, will indicate whether the reduction is held corrected. Operative treatment is required in many adults and in a number of children. In fact, reference to the number of operations for fractures seen at the fracture clinic of my hospital shows that open reduction is resorted to more frequently for fracture of the radius and ulna than is the case with many other fractures. In advocating open reduction for these cases it is necessary to make the proviso that such a procedure is only justifiable under perfect operative surroundings by those familiar with bone surgery, and that it should not be undertaken while the skin cannot be rendered surgically clean, owing to any abrasions.
Operative procedure is best carried out between the fifth and tenth day after the fracture. The routine employed is briefly as follows:
(1) Two-day skin preparation.
(2) A blood-pressure apparatus is used as a tourniquet, the pressure being kept at 200 mm. of mercury.
(3) Subperiosteal exposure of the radial fragments. (4) If these cannot be brought into correct alignmiient, the ulnar fragments are exposed through a second incision, and their position corrected.
(5) The radial fragments are then re-aligned. (6) Fixation: (a) In children and in a few adults, if the operation is performed within ten days after the fracture, no internal splinting is usually required. The fragments are made to interlock and will remain in correct position. The limb is held by an assistant in the correct alignment while the wound is closed. After this open reduction the limb is put in plaster in full supination. (b) For the majority of adults and for a few children internal splinting is required. The radius is plated in these cases, and generally no plate is put on the ulna. In this type of case the limb is splinted until the stitches are removed and it is then put into plaster. Reference to other forms of operative treatment will be made subsequently.
SPECIAL FRACTURES.
Ulna.
(1) Fracture of the Ulna alone.-This does not appear to be very common in our clinic. Of twenty cases investigated none required an anesthetic for correction of deformity. Two cases underwent operative treatment, but neither of them for correction of position; one fracture was compound, so that a primary excision of the wound was performed, and the other was operated upon to prevent it becoming compound, owing to a spike of bone tending to come through the skin. These cases are treated on the splints described above and the after-treatment will be considered conjointly with that of other special fractures. All the cases are reported as being discharged with union and full movement, except that of a child, aged 5, who had limited extension three months after a fracture of the upper third of the ulna. Nonunion is undoubtedly rare, and war experience shows that non-union in the lower third is not incompatible with good function.
(2) Fracture of the Ulna wvith Dislocation of the Head of the Radius.-The reduction of the dislocation is of greater importance than the re-alignment of the ulna. After this has been accomplished the forearm is fully supinated and flexed. Radiu'.s. F,-acture of the Shaft.-Of about fifty fractures forty required no correction under an anesthetic, but pads of felt were used in a certain number in order to correct slight angulation. Five cases were corrected under an anaesthetic and five were operated upon owing to deformity. The operation performed was an open re-alignment and fixation by a plate if the fragments would not remain in position. On discharge from the fracture clinic, or massage department, of the fifty, six are stated to have impaired movement, but none non-union. Fractures of the upper third probably require operative treatment more often than others, and in operating on these care should be taken to avoid injury to the posterior interosseous nerve. In considering these fractures a number of patients seek treatment some months after their injury, when there is non-union of bone. This almost invariably requires operative treatment, and will be discussed under mention of non-union of both bones.
Fractures of the head anzd neck of the radius will be dealt with when details of the other fractures have been mentioned, as they present different problems.
Fractures of both Bontes.-The line of treatment of these fractures has been fully discussed. Excluding greenstick fractures, a certain amount of information has been obtained of sixty-three cases, forty of which were in children under 15, and twenty-three in patients over that age. The majority were given gas or ether for closed reduction. Of the forty children eleven underwent open reduction, with or without plating. Of the twenty-three over the age of 15, nine had open operation for the reduction of the deformity. Of the sixty-three all were discharged, as having good or perfect movements, except twelve. Of these, two were adults who were discharged with some limitation of pronation and supination. The other ten were children who were discharged with some impairment. One case was under treatment for ten months owing to a slight Volkmann's ischamic paralysis.
Of the complications that occur, re-fracture is common in children, and angulation may occur in adults if work is commenced too soon after splints are discarded. A labourer should not begin work again for three months after the fracture. Delayed union and non-union are not infrequent. This statement is fortunately not based on the cases from the fracture clinic, but from those sent to the orthopaedic outpatient department after treatment elsewhere. If the usual non-operative treatment of non-union fails to improve the condition operative treatment is indicated.
The ends of the bones are cleared of fibrous tissue and interposed muscle, and the fragments aligned. Fixation is advocated by a bone-graft, but a dovetail fixation without graft may produce the desired result, although there is likely to be some shortening of the forearm.
A somewhat unusual fracture of radius and uliia caiie to my notice twice last year in the case of two boys aged 16. The radius was fractured transversely about 2 in. from the lower end, and the lower epiphysis of the ulna was split vertically with displacement forward of one fragmiient. In each case I removed the loose fragment which was lying among the tendons just above the wrist-joint. Six miionths later the function was good, but it is too early to see whether there will be interference with growth of the ulna.
Greenstick Fractures of the Forearmn. Reference must be made to these fractures because they are common about two a week is the average at the King's College Hospital Fracture Clinic-and because a few features require consideration.
(a) Angulation is not uncommon, occurring in about one of every ten cases.
It is recommended that this be gently corrected, or rather over-corrected, under an anaesthetic (gas will usually suffice), and splinted with a posterior angular splint and an anterior splint. A pad of felt should be placed over the site of angulation. If these fractures are not carefully splinted with pads the deformity tends to re-appear. From experience one becomes inclined to think that it is often necessary to cause a complete fracture in reducing the deformity when there is much angulation.
(b) Re-fracture of a greenstick fracture appears relatively common even eight weeks after the first injury among the poorer classes, so a sling should not be discarded too early, although splints are not required after four weeks.
(c) Volkmann's ischaernic contracture will occur in the splinting of greenstick fractures as with others. One case in.the series investigated unfortunately exemplifies both the last two conditions. Boy, aged 9. Greenstick fracture lower 1/4 radius anid ulna, January 8, 1924. Discharged February 19, 1924 and told to use sling for two weeks. Re-fracture April 24, 1924 (fifteen weeks after). The skiagram suggested this was a fracture exactly through the site of the previous fracture. He was splinted in the casualty department and developed a slight ischemic contracture, which necessitated six months' treatment.
AFTER-TREATMENT.
Massage and M3Iovements.
In fractures of the radius or ulna alone massage should be begun before the end of the first week, at first by removal of the anterior half of the splint only. Finger movement is encouraged from the first and the wrist and elbow-joints moved under supervision before the end of the second week, and active movements before the end of the third. If the position is perfect, splints are discarded in four weeks in the case of a child and a little later in that of an adult, and a sling is worn for three weeks. When both bones are broken, greater care must be exercised in the movements, and, although each case must be treated according to the rapidity of the union, a splint must usually be worn for seven weeks and a sling for two or three more. After operative treatment it is my custom to employ longer fixation before using massage, and, when this is first employed, the limnb is not removed from the posterior half of the splint.
Fractutres of the Head and NVeck of the Radius. This group of fractures must be viewed in quite a different way from thlose which have already been discussed. From the standpoint of treatment these fractures are classified in two groups: (1) Fractures with little or no displacement; (2) fractures with displacement.
(1) Fractures with little or nlo Displacemnent.-In this category are included the various types of fissured fractures of the head and impacted fractures of the neck without displacement. These cases should be treated with the forearm fully flexed and supinated.
If the limb cannot be brought into this position, when the patient is first seen, the position should be approached as near as possible and the arm and forearm fixed by bandages or a " collar and cuff." The next day greater flexion can usually be obtained, and after two or three days the desired position is reached.
Two patients were given gas, for the armIil to be flexed. One was a boy, aged 11, with an iimpacted fracture of the neck. Full flexion was obtained without employment of any force in each case. This position slhould be kept for two to three weeks, when the limb is let down gradually, the patient wearing a sling. Active movement is then encouraged and assisted by faradism to the muscles of the arm and forearm. Massage about the elbow is not employed.
It has been l)ossible to study the results of about thirty cases, and I am impressed by certain findings. First, with regard to the movements, it is found that after ten to twelve weeks, pronation and supination are usually not impaired, whereas a full range of extension is seldom obtained. At a later date the extension is, very frequently, similarly limited. Cases have come for treatment late--usually those diagnosed as a sprain at the time of the injury--and these cases are more likely to show limitation of flexion and extension than of pronation and supination.
Secondly, the patients complain for some weeks that the arm is weak. The X-ray photographs of some of these cases do not lead one to think there has been injury to the orbicular ligament or interosseous membrane.
A series of radiographs of a fissured fracture show the course of union of the fragmient and one learns from this case that further union certainly occurred after eight weeks from the time of the fracture. This series illustrates the arm of a nurse, who complained of the weakness for fourteen weeks, so that she could not do full duty for four mlonths. At the present tinme, nearly three years after the injury, she has perfect use of her arm.
In the onlv article on this subject that has appeared in the English medical press during the last two years it is stated that function is perfect in two to three weeks after the injury. Unfortunately my own experience is contrary to this.
(2) Fractures with Displacement.-These fractures are far more serious in their effects than those of the last group, and discussion on their treatment is very desirable. It is necessary to consider two types: (a) Fracture producing one loose fragment. (b) Extensive comminution of the head, which will include the variety sometimes called " mushroom fracture." Unfortunately the comminution is often associated with fracture of the olecranon or of the lower end of the hiumerus, Buxton: Treatment of Fractures of the Forearin and somle of the most difficult cases to deal with have been associated with a posterior dislocation of the elbow-joint.
(a) Fracture wvith One Loose Fraamenit.-The early removal of this fragment is indicated. If two-thirds of the radial head is undamaged, and at operation full supination and pronation can be obtained, the edges of this are trimmed and tne wound closed. If the fragment is large, it is better to remove the head as well as the fragment. The arm is stronger if the greater part of the head can be retained, but full movement has not been obtained in the cases in which this has been done. It is usual to find full flexion and supination possible, extension and pronation each being slightly limited.
Until recently that has been the line of treatment adopted, but in view of the fact that the fissured fractures are followed by better results than those in which a loose fragment has been removed, the question arises as to whether in any cases these loose fragments are replaceable. It is considered that this is worthy of trial if the skiagram shows that the loose fragment has a small attachment and is displaced in one plane only. My experience of this treatment is too recent to enable me to speak of results. Two methods of attempt at reduction are possible. First, the arm can be put in full flexion under an ancesthetic, and if the X-ray shows reduction of the fragment, the arm is retained in the position. Secondly, the head and neck of the radius can be exposed by open operation, and if the fragment is not entirely loose, but attached as it were by a hinge, removal of blood-clot may make it possible to re-align the fragment. Such a fragment may remain in position when the arm is fully flexed. If it does not do so it should undoubtedly be removed.
(b) Extensive Comminution of the IHead. My experience of these cases is chiefly after a dislocation of the elbow has been reduced. Two lines of treatment warrant discussion.
(i) Operative Treatment a Week or so after the IRjury.-This consists of removal of the fragments and the upper end of the radius, including a portion of the neck. My experience of this has not been satisfactory, considerable limitation of movement resulting in some cases. The objections to this procedure are (1) that it is very difficult to remove all the fragments in many cases, and (2) that the trauma resulting both from the accident necessarily severe-and from the operation, stimulates bone production, so that new bone may form at the edges of the upper end of the radius and each little fragment left behind may grow. The latter may form loose bodies or, if they are adherent to the capsule of the joint, limit movement.
(ii) Late Operative Treatrnent.-After the injury, the arm is fully flexed and supinated under an a.nesthetic and after three weeks gradually let down, full flexion being performed actively each day. The case is kept under observation and the patient X-rayed periodically until bone-growth is apparently at a standstill. Then operation is performed and the head and neck and fragments of the radius removed. Further bone-production is not likely to occur. The fragments have usually united into a large mass of bone. The objections to the early operation are overcome by the late operation, but the chances of the patient getting osteo-arthritis are probably increased. One has been forced to this method in certain cases in which the skin was extensively blistered and lacerated at the time of the injury, and the results are very encouraging.
A ilman aged 24, who fell 24 ft., dislocated his elbow and had a comminuted fracture of the head of the radius. Pieces were displaced chiefly upwards; the elbow was swollen to twice its size after the dislocation had been reduced. Operation was performed six months after the injury. He was examined eight months after the operation, when his movements were free frolml pain. He had full flexion and supination. Extension was limited by 200 and pronation very slightly.
Hence it appears that discussion of the merits of early and late operation in these cases is of importance.
In connexion with operative procedures on the head of the radius, I have had no experience of fixation of fragments by metal or bone pegs. The posterior interosseous nerve should not interfere with the exposure of the radial head and neck.
In conclusion, I wish to express my thanks to Mr. Fairbank and Dr. Clayton for allowing me unlimited scope in investigating notes of cases and for much help in dealing with many of these fractures.
Mr. H. A. T. FAIRBANK said that he was in agreement with the great majority of the remarks of the opening speaker (Mr. Buxton). There were a few points to which he would like to refer.
Reduction at the earliest possible moment was unquestionably advisable, particularly in the case of fractures of both bones with overlapping. Just occasionally it was possible to get the fragments in such a case to hitch end to end; if not seen early he believed it impossible to correct the displacement by manipulation, and he invariably recommended operation.
He used the full supination position as a routine, but this was not essential in fractures of the lower quarter of the forearm. Fractures of both bones in this situation he considered the commonest fracture of the upper limb in children. It took the place of the Colles fracture in adults. These cases did equally well on a Carr's splint or a posterior supination splint. Occasionally, when a case was only seen several days after the injury, it was inadvisable to insist on the fully supinated position, particularly with fractures in the middle third: when the limb had been in the mid-position since the accident, it was better to apply plaster of Paris after correction with the forearm in this position. Muscles in the region of the fracture, particularly the pronator radii teres, might become infiltrated and stiff with the bones in the mid-position, and fixation in full supination sometimes produced marked angular deformity of the radius.
He found fractures of the upper third of the radius extremely difficult to deal with, particularly when the fragments were displaced inwards and forwards across the front of the ulna. Full manual over-correction, such as Mr. Buxton mentioned, was essential before the application of a plaster cast, which had to be very carefully added and moulded to maintain correction. If this method failed, operation was certainly necessary.
He agreed that active movements of the fingers should be encouraged from the first, as a routine, but there was one exception, namely, fracture of both bones of the forearm with overlapping, when, for some reason, operation was contra-indicated. Early active movements in such a case undoubtedly increased the shortening, and should be replaced by passive movements of the fingers.
The risk of "cross union " he regarded as much exaggerated. For practical purposes it only occurred in severe compound fractures, particularly gunshot wounds, where the bone-forming cells were blown into the tissues between the bones.
As regards splintage in children, he preferred plaster applied a few days after the accident and left on for four weeks, and no after-treatment was necessary in the majority of cases except encouragement to use the limb. To a posterior angular supination and an anterior splint, he often added a narrow, straight wooden splint on the inner side of the forearm. This was particularly useful after open reduction without plating and while the patient was in bed, as it prevented lateral angulation of the fragments, which was apt to occur, in either direction, as the arm lay on a pillow. He usually found five weeks sufficient for splintage in adults.
Operation, when necessary, should be done as early as possible, especially in children. He saw no advantage in delaying operation for some days. In his experience it was exceptional to find muscle between the fragments. In transverse
